1. Introduction
===============

Metabolic syndrome is defined as a combination of impaired glucose metabolism, dyslipidemia, abdominal obesity, and elevated blood pressure. The association of this syndrome with an increased risk of cardiovascular disease (CVD)^\[[@R1]\]^ and all-cause mortality^\[[@R2]\]^ in the general population is well known. However, the strength of the association between metabolic syndrome and the risk of CVD and mortality outcomes varies by population according to factors such as race/ethnicity, sex, and age.^\[[@R3]--[@R5]\]^

Metabolic syndrome should be considered an important issue in elderly individuals, as aging is a major contributor to the prevalence of the constellation of cardiovascular and metabolic risk factors that constitute the syndrome.^\[[@R6],[@R7]\]^ However, recent observational studies that have investigated metabolic syndrome as a predictor of mortality in elderly cohorts have shown conflicting results. Several studies^\[[@R8]--[@R11]\]^ have indicated that metabolic syndrome is significantly associated with mortality in the elderly, whereas others^\[[@R12]--[@R16]\]^ have found no significant association.

In providing an overview of metabolic syndrome in the elderly, regardless of whether metabolic syndrome is considered a unique entity, there is a clear need to identify and manage its individual components to reduce the morbidity and mortality associated with diabetes and CVD.^\[[@R17]\]^ Recently, a large retrospective cohort study^\[[@R18]\]^ indicated that in elderly adults, individual components of metabolic syndrome were better predictors of all-cause and cause-specific mortality than metabolic syndrome as a whole. Moreover, there may be different or even opposing effects of individual components of metabolic syndrome on mortality, such as the reduced risk of CVD and all-cause mortality associated with obesity.^\[[@R19],[@R20]\]^ Therefore, in the current article, we provide a systematic review and meta-analysis of studies assessing the impact of metabolic syndrome on CVD and all-cause mortality among the elderly, focusing on the strength of the association of each component of metabolic syndrome.

2. Methods
==========

We planned, conducted, and reported this systematic review according to widely accepted quality standards for reporting meta-analyses of observational studies in epidemiology. Ethical approval for this study was not necessary as it was a meta-analysis that collect and analysis data from the existing literatures.

2.1. Literature search
----------------------

A medical librarian with experience in systematic reviews participated in designing the search strategy. We searched the MEDLINE databases using PubMed, Cochrane Library, and EMBASE databases via Elsevier for reports published between April 1979 and May 2017. A PubMed search for studies on aging, metabolic syndrome, cardiovascular disease, and mortality was conducted without restrictions by combining search terms that were synonymous with or related to metabolic syndrome and mortality. The keywords used in the PubMed search were converted into search tags for the Cochrane Library and EMBASE databases (Supplementary Table 1). Furthermore, the reference lists of relevant articles were manually searched to identify additional studies.

2.2. Eligibility criteria
-------------------------

Published articles were included in the meta-analysis if they met the following inclusion criteria: assessed elderly participants (age ≥60 ys); used a prospective cohort study design; included all-cause mortality or CVD mortality as a specified outcome; conducted a baseline assessment of metabolic syndrome; included data on adjusted relative risk (RR), generally expressed as the risk ratio in prospective cohort studies, and the corresponding 95% confidence interval (CI); were written in English and published in their entirety; and included the most recent or most informative study if cohorts were duplicated in more than 1 study.

2.3. Exclusion criteria, data extraction, and quality assessment
----------------------------------------------------------------

Review articles, editorials, commentaries, letters without new data analyses, meta-analyses, and abstracts were excluded. The exclusion criteria for this study were as follows: enrollment that depended on a particular condition or risk factor, such as diabetes mellitus or chronic kidney disease and participants who were not elderly (age \<60 ys).

Two investigators (J.S.Y. and K.D.H.), coauthors of the current study, independently performed 2 subsequent rounds of screening. In the first round of screening, we excluded irrelevant studies and reviews based on the title or abstract. In the second round of screening, we reviewed the full-text articles to further exclude unrelated studies that did not meet the inclusion criteria. One investigator (J.S.Y.) performed data extraction, and the other investigator (K.D.H.) assessed the results for accuracy. Disagreements between the 2 reviewers were resolved by consensus. The following information was extracted: family name of the first author, year of publication, country of origin, age and sex of the participants, sample size, definition of metabolic syndrome used, prevalence of metabolic syndrome, deaths, follow-up duration, adjustment factors, the adjusted risk estimates and corresponding 95% CIs of all-cause, and CVD mortality for metabolic syndrome. We extracted the adjusted RRs that reflected the greatest degree of control for potential confounding factors for use in our main analysis. To determine the influence of single components of metabolic syndrome, we also collected risk estimates for each single component and compared them with the estimates for metabolic syndrome obtained in the same studies. The quality score of the included studies was evaluated using the Newcastle-Ottawa Scale (NOS) criteria for cohort studies^\[[@R21]\]^ (Supplementary Table 2).

2.4. Data synthesis and analysis
--------------------------------

We synthesized the results of the included studies using a random-effects meta-analysis. The synthesized results are presented as RRs with corresponding 95% CIs. The statistical heterogeneity between studies was assessed using Q and *I*^2^ statistics. For the Q statistic, heterogeneity was considered present if *P* \< .1, and we defined low, moderate, and high heterogeneity as *I*^2^ values of 25%, 50%, and 75%, respectively. To explore heterogeneity, we performed subgroup analyses according to prespecified study-level characteristics using a random-effects meta-analysis. Potential sources of heterogeneity included geographic location, sex, age, definition of metabolic syndrome, sample size, prevalence of metabolic syndrome, follow-up duration, and adjustment for frailty and quality score. Sensitivity analyses were performed to test the robustness of the overall analysis. We also performed a meta-analysis of the effects of single components of metabolic syndrome, that is, the effects of individual components compared against the effect calculated for metabolic syndrome as a whole using the same datasets. Publication bias was evaluated by visual inspection of Begg\'s funnel plot and was tested using Begg\'s test. *P* \< .1 for Begg\'s test indicated publication bias. All statistical analyses were performed using Stata software, version 14.0 (Stata Corp., College Station, TX).

3. Results
==========

3.1. Study search and selection and characteristics of eligible studies
-----------------------------------------------------------------------

Figure [1](#F1){ref-type="fig"} shows the details of the study selection process. Briefly, we identified 178 potentially relevant articles on metabolic syndrome in relation to mortality after an initial screening of titles and abstracts. After we examined the 178 assembled articles, 158 articles were excluded. Finally, we identified 20 articles^\[[@R8]--[@R16],[@R22]--[@R32]\]^ (all-cause mortality, 19 articles;^\[[@R8]--[@R16],[@R22]--[@R27],[@R29]--[@R32]\]^ CVD mortality, 9 articles)^\[[@R9],[@R11],[@R12],[@R14],[@R16],[@R22],[@R23],[@R28],[@R32]\]^ that met the inclusion criteria. The characteristics of the included studies and the quality assessment are summarized in Table [1](#T1){ref-type="table"}^\[[@R8]--[@R16],[@R23]--[@R27],[@R29]--[@R32]\]^ and Table [2](#T2){ref-type="table"}.^\[9,11,12,14,16,22,23,28,32\]^ All included studies were published in 2006 or later, had sample sizes ranging from 680 to 10,547 participants, and had a follow-up duration ranging from 3 to 19 years. Our studies included a total of 57,202 subjects. The prevalence of metabolic syndrome in these studies ranged from 11% in a study^\[[@R29]\]^ of 3050 adults aged 65 years and older to 57% in a study^\[[@R12]\]^ of 986 adults aged 75 years and older who were undergoing general health examinations. Participant ages ranged from 60 to 89 years. Two studies^\[[@R24],[@R31]\]^ included men only, and 18 studies^\[[@R8]--[@R16],[@R22],[@R23],[@R25]--[@R30],[@R32]\]^ included both men and women. Many studies followed specific subsamples, which accounted for much of the variability. Seven studies^\[[@R10],[@R11],[@R14],[@R16],[@R25],[@R28],[@R32]\]^ reported outcomes for men and women. One study^\[[@R12]\]^ reported mortality outcomes for participants aged 60 to 74 and 75 to 89 years. Thirteen studies^\[[@R10],[@R12]--[@R16],[@R22],[@R25],[@R26],[@R28],[@R30]--[@R32]\]^ were conducted in Europe, 4 studies ^\[[@R8],[@R23],[@R27],[@R29]\]^ in the United States, and 3^\[[@R11],[@R24],[@R30]\]^ in Asia. Eleven studies^\[[@R8],[@R13],[@R16],[@R22],[@R23],[@R25],[@R26],[@R28],[@R30]--[@R32]\]^ defined metabolic syndrome in accordance with the third report of the National Cholesterol Education Program (NCEP)-Adult Treatment Panel (ATP-III). Three studies^\[[@R12],[@R24],[@R27]\]^ assessed metabolic syndrome using the International Diabetes Federation (IDF) criteria. Two studies^\[[@R10],[@R11]\]^ used criteria from the American Heart Association/National Heart Lung and Blood Institute (AHA/NHLBI). Finally, 2 studies^\[[@R9],[@R29]\]^ used the World Health Organization criteria for metabolic syndrome, and 1 study^\[[@R15]\]^ used the Harmonized criteria. As one study^\[[@R14]\]^ did not measure waist circumference, modified IDF criteria were used, with body mass index (BMI) ≥30 kg/m^2^ serving as a proxy for central obesity. The overall quality of the studies averaged 8 points (range, 7--9 points) on a scale from 0 to 9.

![Flow diagram of the search strategy and study selection.](medi-96-e8491-g001){#F1}

###### 

Characteristics of included studies regarding metabolic syndrome and all-cause mortality^\[[@R8]--[@R16],[@R23]--[@R27],[@R29]--[@R32]\]^.
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###### 

Characteristics of included studies regarding metabolic syndrome and cardiovascular disease mortality^\[[@R9],[@R11],[@R12],[@R14],[@R16],[@R22],[@R23],[@R28],[@R32]\]^.
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3.2. Association of metabolic syndrome with all-cause and CVD mortality in the elderly
--------------------------------------------------------------------------------------

Of the 20 studies included in the meta-analysis, 19 and 9 assessed all-cause mortality and CVD mortality, respectively. In 2^\[[@R10],[@R25]\]^ studies that assessed all-cause mortality, men and women were analyzed separately. One^\[[@R28]\]^ study that investigated CVD mortality had 2 datasets since men and women were analyzed separately. In 1^\[[@R12]\]^ study that assessed all-cause and CVD mortality, adults aged 60 to 74 and 75 to 89 years were analyzed separately. Finally, the number of available datasets for all-cause mortality and CVD mortality in relation to metabolic syndrome was 22 and 11, respectively.

Figure [2](#F2){ref-type="fig"} shows a forest plot for all-cause mortality and CVD mortality in relation to metabolic syndrome in adults aged 60 years and older. Metabolic syndrome was associated with an increased risk of all-cause mortality and CVD. The combined RRs (95% CI) of all-cause mortality in 19 studies with 22 datasets and of CVD mortality in 9 studies with 11 datasets were 1.23 (1.15--1.32) and 1.24 (1.11--1.39), respectively. There was appreciable statistical heterogeneity across the studies (all-cause mortality, *I*^2^ = 55.9%, *P* = .001; CVD mortality, *I*^2^ = 58.1%, *P* = .008). Supplementary Figure 1 shows that there was no evidence of funnel plot asymmetry in Begg\'s test (all-cause mortality, *P* = .800; CVD mortality, *P* = .243).

![Forest plot of the RRs of all-cause mortality (A) and CVD mortality (B) associated with metabolic syndrome in the elderly.](medi-96-e8491-g004){#F2}

3.3. Subgroup and sensitivity analyses
--------------------------------------

Subgroup analyses were performed based on age (≥median vs \<median), sex (men vs women), geographic location (Europe, United States, or Asia), follow-up duration (≥10 ys vs \<10 ys), sample size (≥1000 vs \<1000), definition of metabolic syndrome (NCEP, IDF, AHA/NHLBI, or Harmonized), prevalence of metabolic syndrome (≥median vs \<median), adjustment of frailty (yes vs no), and quality score (≥8 vs \<8). Table [3](#T3){ref-type="table"} summarizes the subgroup analyses of metabolic syndrome and all-cause and CVD mortality in the elderly. Overall, a positive association between metabolic syndrome and increased risk of all-cause mortality was consistently observed in each subgroup, except for the Asian subgroup (RR 1.14, 95% CI 0.83--1.56, *I*^2^ = 75.1%), the sample size \<1000 subgroup (RR 1.19, 95% CI 0.90--1.56, *I*^2^ = 72.8), and the IDF definition of metabolic syndrome subgroup (RR 1.04, 95% CI 0.93--1.18, *I*^2^ = 29.1). However, the positive association between metabolic syndrome and risk of CVD mortality was not statistically significant in the sample size \<1000 subgroup (RR 1.41, 95% CI 0.82--2.43, *I*^2^ = 77.8%) or the IDF definition of metabolic syndrome subgroup (RR 1.10, 95% CI 0.94--1.28, *I*^2^ = 0). When we included 2 studies^\[[@R26],[@R27]\]^ that adjusted for frailty, the association between metabolic syndrome and all-cause mortality was reduced but remained statistically significant (RR 1.15, 95% CI 1.03--1.27, *I*^*2*^ = 0.0%). Sensitivity analyses showed that no single study had an effect on the positive association between metabolic syndrome and risk of all-cause mortality or CVD mortality (Supplementary Figure 2).

###### 

Subgroup meta-analyses regarding metabolic syndrome and all-cause and cardiovascular disease mortality in the elderly.
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3.4. Association of components of metabolic syndrome with all-cause and CVD mortality
-------------------------------------------------------------------------------------

The 4 definitions of metabolic syndrome applied and the cut-off points for studies regarding the components of metabolic syndrome and all-cause and CVD mortality using the NCEP--ATP III,^\[[@R8],[@R16],[@R32]\]^ AHA/NHLBI,^\[[@R11]\]^ modified IDF,^\[[@R14]\]^ and Harmonized criteria^\[[@R15]\]^ are shown in Supplementary Table 3. Supplementary Table 4 summarizes the influence of single components of metabolic syndrome on all-cause mortality (Supplementary Table 4a) and CVD mortality (Supplementary Table 4b), indicating the diagnostic criteria used for these components and the estimates of risk. Figure [3](#F3){ref-type="fig"} shows the risk estimates of all-cause^\[[@R8],[@R11],[@R14],[@R15],[@R32]\]^ and CVD mortality^\[[@R11],[@R14],[@R16],[@R32]\]^ for each component of metabolic syndrome and for full metabolic syndrome. The overall risk estimate of all-cause mortality for full metabolic syndrome in six datasets was 1.17 (1.07--1.28). The risk estimates of all-cause mortality for higher values of triglycerides and obesity (waist circumference or BMI), compared with lower values, were 0.95 (0.89--1.02) and 0.94 (0.88--1.00), respectively. These estimates were significantly lower than those associated with the full syndrome in the same datasets (all *P* \< .001). The overall risk estimates of all-cause mortality for higher values of blood glucose and blood pressure (compared with lower values) and lower values of HDL cholesterol (compared with higher values) were 1.19 (1.05--1.34), 1.10 (0.93--1.31), and 1.11 (1.02--1.21), respectively. These estimates were similar to those recorded for the full syndrome in the same datasets (*P* = .826, *P* = .532, and *P* = .405, respectively). The overall risk estimate of CVD mortality for full metabolic syndrome in 5 datasets was 1.40 (1.22--1.62). The risk estimates of CVD mortality for higher values of triglycerides and obesity (waist circumference or BMI) compared with lower values were 1.07 (0.89--1.29) and 1.06 (0.91--1.24), respectively. These estimates were significantly lower than those associated with the full syndrome in the same datasets (*P* = 0.026 and *P* = 0.033, respectively). The overall risk estimates of CVD mortality for higher values of blood glucose and blood pressure (compared with lower values) and lower values of HDL cholesterol (compared with higher values) were 1.16 (1.00--1.35), 1.23 (0.83--1.81), and 1.28 (1.10--1.48), respectively. These estimates did not differ from those recorded for the full syndrome in the same datasets (*P* = .074, *P* = .547, and *P* = .392, respectively).

![Results of the meta-analysis of each component of metabolic syndrome, full metabolic syndrome, all-cause mortality and CVD mortality. BMI = body mass index, CVD = cardiovascular disease, FBG = fasting blood glucose, HBP = high blood pressure, HDL = high-density lipoprotein, MS = metabolic syndrome, TG = triglycerides, WC = waist circumference.](medi-96-e8491-g006){#F3}

4. Discussion
=============

The findings of this meta-analysis indicate that metabolic syndrome is associated with an increased risk of CVD mortality and all-cause mortality in elderly populations. Summarizing the results, we observed a 24% increased risk of CVD mortality and 23% increased risk of all-cause mortality among elderly adults with metabolic syndrome compared to those without metabolic syndrome. The pooled RR values of CVD mortality and all-cause mortality were similar. However, the 95% CI of all-cause mortality was narrower, likely because of the larger sample size. The association of metabolic syndrome with CVD and all-cause mortality was slightly affected by geographic location, sample size, definition of metabolic syndrome, and adjustment for frailty in the subgroup meta-analyses.

A meta-analysis conducted by Wu et al^\[[@R2]\]^ examined the association between metabolic syndrome and all-cause mortality among adults aged ≥20 years in 21 studies. They found that in the general adult population, adults with metabolic syndrome had an increased risk of all-cause mortality compared with those without (RR 1.46, 95% CI 1.35--1.57). As aging is a major contributor to the growing prevalence of metabolic syndrome, it is reasonable to assume that older persons are more frequently affected by the constellation of cardiovascular and metabolic risk factors that constitute metabolic syndrome. Metabolic syndrome predicts cardiovascular mortality, including in older persons.^\[[@R7],[@R33]\]^ However, the pooled RR of our study was much lower than that reported in the meta-analysis of Wu et al, which found an opposite trend in the elderly population (mean age 72.9 ys, \>60 ys) than in the overall adult population (mean age 57.5 ys, ≥20 ys). This discrepancy may because of aging-related factors, such as frailty, malnutrition, and immunocompromised states.^\[[@R34]\]^ Under these conditions, the chance that older people will acquire infectious diseases is greater, thus increasing the risk of mortality because of the impairments in homeostasis and functional reserve needed to cope with these stressors.^\[[@R35]\]^ The relationship between metabolic syndrome and mortality in older adults may be explained by other health outcomes, such as frailty and chronic disease. A study^\[[@R27]\]^ showed that metabolic syndrome was positively correlated with frailty index in younger adults (\<65 ys) but not in older people (≥65 ys). Furthermore, the frailty index was a better predictor of mortality risk than metabolic syndrome at all ages. Another study^\[[@R26]\]^ showed that physical frailty and chronic disease together constituted a large part of the association between metabolic syndrome and 19-year all-cause mortality in older adults. In our subgroup analyses conducted with adjustment for frailty, the association between metabolic syndrome and mortality was reduced (RR 1.15, 95% CI 1.03--1.27) but remained statistically significant. The results of the RR analyses were not significantly heterogeneous (*I*^*2*^ = 0.0%, *P* = .935). Nevertheless, a small number^\[[@R26],[@R27]\]^ of studies was used in the analyses. Thus, these results should be interpreted cautiously.

It can be assumed that the association between metabolic syndrome and mortality is influenced by individual components of metabolic syndrome. Therefore, we evaluated the influence of each component of metabolic syndrome using the data available from 6 studies.^\[[@R8],[@R11],[@R14]--[@R16],[@R32]\]^ These results indicated that the increased risk of all-cause mortality and CVD mortality caused by metabolic syndrome was not greater than the summed risk of individual metabolic syndrome components, namely, increased fasting glucose, elevated blood pressure, and decreased HDL. Two exceptions were increased triglycerides and obesity (WC and BMI), which were inversely associated with all-cause mortality. Among the metabolic syndrome components, high glucose and low HDL cholesterol significantly predicted the risk of CVD and all-cause mortality. Low HDL cholesterol has already been established as an independent risk factor for mortality in the geriatric population.^\[[@R36]--[@R38]\]^ Finally, among metabolic syndrome components, elevated glucose level has consistently predicted higher mortality in older adults.^\[[@R8],[@R11],[@R16],[@R32]\]^

Notably, obesity had a borderline significant inverse association with all-cause mortality. We found a 6% decreased risk of all-cause mortality among obese elderly adults with an increased waist circumference and BMI ≥30 kg/m^2^. Several hypotheses have been proposed to explain the obesity paradox observed in our study. First, selective survival bias is a concern in observational studies. Specifically, individuals who are more susceptible to the adverse health effects of obesity caused by environmental or genetic factors may die when they are younger, resulting in a more resilient overweight older population. Second, in older people, although fat proportion increases with age, higher BMI may also be the result of higher muscle mass, which may result in functional benefits and better survival.^\[[@R39],[@R40]\]^ Finally, obesity may also provide an energy reserve during periods of poor intake in stress or illness.^\[[@R41]\]^ Therefore, the more fat an elderly individual has, the better his or her survival in old age may be, and thus, overweight or obese people may have higher life expectancies than others. For example, in a study that obtained body composition data from community-living older men, the waist circumference associated with the lowest mortality risk was in the overweight range.^\[[@R42]\]^ A recent meta-analysis^\[[@R19]\]^ of an elderly population (median age ≥80 ys) demonstrated that compared with normal-weight individuals (BMI 18.5--24.9 kg/m^2^), all-cause mortality decreased by 12% for those who were overweight (BMI 25--29.9 kg/m^2^) and 26% for those who were obese (BMI ≥30 kg/m^2^). However, all-cause mortality increased by 39% for underweight individuals (BMI \<18.5 kg/m^2^). Consistent with a prior meta-analysis of the elderly general population,^\[[@R43]\]^ our meta-analysis showed that obesity reduced all-cause mortality risk among the elderly. However, the studies included in this meta-analysis were limited in terms of the associations between each component of metabolic syndrome and all-cause mortality. Therefore, the results of this analysis should be interpreted with caution.

In several studies, high blood pressure was postulated to be an independent risk factor for CVD mortality and all-cause mortality.^\[[@R15],[@R44]--[@R46]\]^ A meta-analysis suggested that prehypertension may be an independent risk factor for CVD mortality in the adult population,^\[[@R47]\]^ showing that prehypertension (systolic blood pressure of 120--139 mmHg or diastolic blood pressure of 80--89 mmHg) was associated with increased CVD but not all-cause mortality. Notably, in our analyses, elevated blood pressure (≥130/85 mmHg or treated hypertension) was not associated with CVD mortality or all-cause mortality. Several mechanisms may explain this nonsignificant effect of elevated blood pressure on mortality in elderly persons. A considerable proportion of elderly individuals with functional disability suffer from widespread vascular alterations, ranging from atherosclerosis and arterial stiffness to microcalcification.^\[[@R48]\]^ Elevated blood pressure may be a compensatory mechanism that preserves the perfusion of vital organs, such as the heart and brain, thereby ultimately preventing morbidity, and mortality among some older adults.^\[[@R49]\]^ It is also possible that poorly functioning older persons may be more vulnerable to the adverse effects of antihypertensive medications.^\[[@R50]\]^ Our findings are consistent with prior studies that have found that the association between blood pressure and mortality diminishes with age because the prevalence of frailty increases with age.^\[[@R50],[@R51]\]^

Potential limitations of this study should be noted. Residual or unmeasured confounding factors may have influenced the results despite the calculation of risk estimates that reflected the greatest degree of control for potential confounders. Only studies published in English were considered. We were limited to data reported in published articles and did not have access to individual patient-level data. There was some heterogeneity in the different definitions of metabolic syndrome used. Because of the potential heterogeneity between studies, we synthesized the results of the included studies using a random-effects meta-analysis, which incorporates both within- and between-study variability. In addition, to explore heterogeneity, we performed subgroup analyses according to prespecified study-level characteristics using random-effects meta-analyses.

In summary, metabolic syndrome is associated with moderately increased CVD mortality and all-cause mortality in older populations. Of the individual components of metabolic syndrome, both elevated blood glucose and HDL cholesterol were associated with significantly increased mortality, equaling the association of full metabolic syndrome. Regardless of the presence of metabolic syndrome, elderly individuals with high blood glucose and low HDL cholesterol should receive greater attention because of their higher risk of mortality. In contrast, obese or overweight elderly individuals may be likely to have lower all-cause mortality. Thus, the findings of the current meta-analysis raise questions about the utility of the current definition of metabolic syndrome in predicting all-cause mortality and CVD mortality in the elderly population.
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